There have been numerous histochemical studies on the gastric mucosa (SPICER, 1960; SHEAHAN and JERVIS, 1976; PODDAR and JACOB, 1979) . Current histochemical evidence from the rat stomach indicates the presence of sulfated muco-substances within the foveolar, isthmus regions of the fundic gland and pyloric gland mucous cells, and nonsulfated acidic mucosubstances in the surface epithelium (WATTEL et al., 1977 (WATTEL et al., , 1979 SPICER et al., 1978; SUGANUMA et al., 1981b) . Recently, marker-labeled lectins have been employed as histochemical reagents for the detection of various sugar residues; their selectivity and reliability appear very promising (ETZLER and BRANSTRATOR, 1974; ESSNER et al., 1978; FREEMAN et al., 1980; WATANABE et al., 1981; FARAGGIANA et al., 1982; GORELICK et al., 1982; LEHIR and DUBACH,1982a, b; MAZZUCA et al., 1982; MURATA et al., 1983) . The labeling sites in the gastric mucosa of concanavalin A (Con A) with or without prior periodate oxidation SUGANUMA et al., 1981a) , Limulus polyphemus agglutinin (YAMADA and SHIMIZU, 1979) , peanut lectin (STOWARD et al., 1980; KUHLMANN et al., 1983; SCHULTE and SPICER, 1983) , Dolichos biforus agglutinin or Ul ex euro paeus agglutinin (KUHLMANN et al., 1983) have been examined at the light microscopic level. Ultrastructurally, some investigators have demonstrated the reaction sites of peanut lectin (SATO and SPICER, 1982a, b) , Con A, *This study was supported in part by a grant-in-aid (No . 57570011) from the Ministry of Education, Science and Culture, Japan; and by a grant-in-aid for cancer research from the Ministry of Health and Welfare, Japan Ricinus communis agglutinin and wheat germ agglutinin SuzuKI et al., 1982) by means of a pre or post-embedding staining method. This study was undertaken to disclose the lectin-binding sites of the rat gastric mucosa employing various labeled lectins.
MATERIALS AND METHODS
Lectins conjugated with horseradish peroxidase (HRP) were obtained from commercial sources (E. Y. Laboratory, San Mateo, CA). The conjugated lectins used in this study were Dolichos biflorus agglutinin (DBA), Glycine max agglutinin (SBA), Arachis hypogae agglutinin (PNA), Ricinus communis agglutinin (RCA-1), Ulex europeus agglutinin (UEA-1), Triticum vulgaris agglutinin (WGA). Con A was purchased from Sigma Chemical Co. (St. Louis, MO), HRP from Toyobo (Osaka, Japan), and haptenic sugars from Nakarai Chemical Co. (Kyoto, Japan) : D-N-acetylgalactosamine for DBA; L-f ucose for UEA-1; galactose for SBA, PNA, and RCA-1; N-acetyl-D-glucosamine for WGA; and i-methyl-D-mannoside for Con A. Adult Wistar rats of both sexes weighing about 150 g were used for this study. Stomach specimens obtained under ether anesthesia were fixed with Carnoy's fixative and embedded in paraffin. The sections were processed by routine methods, and carried through the following sequences for the staining at room temperature (MURATA et al., i983) : 1) Exposure to 0.3% hydrogen peroxide in methanol for 20 min to prevent endogenous peroxidase activity. 2) Rinsing with phosphate-buffered saline (PBS). 3) Immersion in 1 % bovine serum albumin (BSA) for 5 min. 4) Incubation in 10 to 50 ~cg/ml of lectin-HRP conjugates in PBS, pH 7.4, for 30 min. 5) Immersion in 1 % BSA for 5 min. 6) Two rinsings with PBS for 10 min each. 7) Incubation in diaminobenzidine (DAB)-hydrogen peroxide medium of GRAHAM and KARlvovsKY (1966) , pH 7.6 for 5 to 10 min. 8) Two washings with distilled water for 10 min each, followed by counter-staining with hematoxylin, dehydration through graded alcohols, clearing in xylene and mounting with Permount. Con A labeling sites were examined employing Con A-HRP-DAB sequences . Controls for lectin-HRP conjugates were prepared as follows: l) omission of lectin-HRP conjugates for the detection of the endogenous peroxidase; 2) blockage of lectins with their haptenic sugars (lectins were first incubated with 0.2 M haptenic sugars for 30 min at room temperature before being applied to the sections).
RESULTS
Each of the seven lectins exhibited characteristic staining patterns. Table 1 shows the results for the gastric epithelial cells; evaluation was based on the average of three investigators.
A weak non-specific background staining with some lectins such as Con A, RCA-1 and WGA was observed in the lamina propria. The application of suit-able haptenic sugars with lectin-conjugates revealed a complete disappearance of stainability except for WGA, which demonstrated a marked decrease in specific reaction products but not a complete disappearance.
Through incubation with the DABhydrogen peroxide medium alone no endogenous peroxidase was detectable except in leukocytes and erythrocytes in the lamina propria of rat gastric mucosa. Pretreatment with hydrogen peroxide in methanol virtually eliminated the endogenous peroxidase reactivity.
Concanavalin A (Con A): Almost all the epithelial components of the gastric mucosa were faintly and diffusely labeled with the Con A-HRP-DAB sequence.
The labeling of the luminal surface of parietal cells, the mucous neck cells, and the glandular cells of pyloric gland was slightly more intense. Dolichos bifiorus (DBA): The lectin-conjugate exhibited pronounced regional differences with no positivity in the fundic gland (Fig. 4) , but remarkable labeling of cardiac and pyloric glands. Both glands showed greater reactivity in the glandular epithelium than in the surface epithelial cells (Fig. 1,14) .
Arachis hypogaea (PNA): PNA disclosed striking and selective staining of the cardiac gland, f oveolar, parietal, mucous neck cells of fundic gland, and the supranuclear regions of the epithelial cells of pyloric gland. A gradual decrease in labeling intensity was observed from the superficial to the deeper parietal cells of the fundic gland. The uppermost parietal cells clearly possessed reaction products. The luminal surface of the lower parietal cells also showed weak stainability with this lectin. The cytoplasm of the mucous neck cell was diffusely labeled; however, no discernible labeling of chief cells was noted (Fig. 2, 5, 8, 9 ). The reactivity of the surface and glandular epithelium of pyloric gland appeared as fine granular deposits in the supranuclear region (Fig. 15) .
Ricinus communis (RCA-1): The lectin-conjugate showed intense staining of the parietal and mucous neck cells, whereas the labeling of cardiac and pyloric gland cells was indistinct or negligible.
The labeling pattern of parietal cells was quite similar to that of SBA (Fig. 6 ). 1: weak; 2: moderate; 3: intense b) A gradual decrease in intensity was observed from top to bottom in the fundic gland. C) Granular reaction products appeared at the supranuclear region of epithelial cells.
d) The luminal surface and cytoplasm of these epithelial cells located in the upper portion of fundic gland possessed positive stainability.
Glycine max (SBA): This lectin conjugate demonstrated the most uniform and strongest stainability of the epithelial cells of gastric mucosa except in the chief cells of the fundic gland. Among the labeled epithelial cells, the reactivity of the cardiac gland and parietal cells, especially in upper part of the fundic gland, was the most distinct (Fig. 3, 7, 11-13 ).
Ulex europeus (UEA-1): The superficial epithelium, foveolar cell of gastric mucosa and glandular epithelium of the pyloric gland were moderately labeled with this lectinconjugate.
However, the luminal surface and cytoplasm of the upper parietal cells were only occasionally labeled (Fig. 10, 16 ).
Triticum vulgaris (WGA): The extent of reactivity of this lectin-HRP conjugate was generally less than that of the others except Con A and RCA-1 (Fig. 17) . Interestingly, only the chief cells were labeled with this lectin.
DISCUSSION
Lectins have previously been used as specific sugar probes to study the epithelial cells of various organs (ETZLER and BRANSTRATOR, 1974; ESSNER et al., 1978; FREEMAN et al., 1980; STOWARD et al., 1980; WATANABE et al., 1981; FARAGGIANA et al., 1982; MAZZUCA et al., 1982; MURATA et al., 1983) . This study demonstrates the cellular and regional differences of the carbohydrate components of the normal rat gastric mucosa.
Cardiac gland Among the lectins used in this study, it was the entire cardiac gland that was strongly labeled with SBA and DBA, while moderate labeling of PNA was localized in the base. On the other hand, Con A, RCA-1, and UEA-1 showed no reactivity. These results suggest that the cardiac gland is rich in N-acetylgalactosamine residues, since both SBA and DBA have great affinity for N-acetylgalactosamine (DEBRAY, et al., i98i) . In addition, SBA is also specific to galactosyl residues. PNA specifically binds to Q-galactosyl and galactosamyl residues occupying a terminal position in the oligosaccharide sidechains of glycoproteins NOVOGRODSKY et al., 1975) . The overlapping stained area with PNA and DBA was restricted to the deepest part of the cardiac gland. These observations imply that DBA binding sites are fundamental structures, and that PNA binding sites are formed by the addition of sugar sequences such as terminal galactosyl residues to DBA binding sites in the rat cardiac gland, although in the mouse kidney and genital organs, DBA binding sites were evident in a much more restricted area as compared to those for PNA (WATANABE et al., 1981) . DBA moderately labeled the cardiac gland, whereas there was no positivity in the fundic gland. Therefore, this lectin might be a marker of the cardiac gland. Previous conventional histochemical studies, using alcian blue (AB), pH 2.5, periodic acid Schiff (PAS) sequences and the high iron diamin (HID) method only revealed the presence of neutral-and sialomucins in the entire cardiac gland, including the surface epithelium (SHEAHAN and JERVIS, 1976) . Consequently, the combination of the conjugated lectin staining and conventional histochemical sequences provided more a detailed analysis of complex carbohydrates.
Fundic gland
Fundic glands were also labeled strongly with various lectins such as SBA, PNA and RCA-1, moderately with UEA-1 and WGA, and slightly with Con A, whereas no reactivity was seen with DBA. Previous conventional histochemical stainings demonstrated that the surface epithelial cells and mucous neck cells contained neutral glycoprotein, while foveolar cells were abundant in acidic glycoproteins including sulfated mucosubstances (SHEAHAN and JERVIS,1976; SPICER, et al., 1978; SUGANUMA et al., 1981b) . Parietal cells and chief cells failed to stain with conventional histochemical mucosubstance stainings such as PAS, HID, and AB (pH 2.5). In this study, the surface epithelial cells revealed intense labeling with SBA, moderate with UEA-1, but only a weak positivity with RCA-1. The staining with both PNA and DBA was faint or negligible. Although DBA and SBA have a great affinity for terminal N-acetylgalactosamine, this labeling discrepancy between the two lectins indicates that SBA selectively binds to both ~-and j -D-N-acetylgalactosamine, whereas DBA characteristically binds to «-D-N-acetylgalactosamine (GoLDSTEIN and HAYES, 1978) . Therefore, ,6-D-N-acetylgalactosamine residues may be present in the surface epithelial cells. The UEA-1 binding sites were restricted to the cytoplasm of the surface epithelial cells and the luminal surface of parietal cells located in the uppermost part of the f undic gland. This implies that -L-fucose is probably present at the terminal end of the sugar residues in these almost mature cells. The parietal cells were extensively labeled with SBA, PNA and RCA-1, though no reactivity was observed with DBA. These findings differ from those of STOWARD et al. (1980) and KUHLMANN et al. (1983) , who reported no PNA positivity in the parietal cells. This discrepancy arises from the species difference (ScHULTE and SPICER,1983) . The reliability of our results is supported by the fact that not only PNA but also SBA and RCA-1 could clearly label parietal cells. These observations suggest the presence of galactosyl residues in parietal cells situated in the upper part of the fundic gland, although PAS sequences fail to stain these cells. This lectin-PAS discrepancy could be explained on the basis of terminal galactose units bound at C-3 of sugar in insoluble lipid components such as ganglioside (STOWARD et al., i980) . In addition, the binding sites of the lectin may be the luminal surface and secretory canaliculi of parietal cells, since the periodic acid-thiocarbohydrazide-silver proteinate (PA-TCH-SP) (THIERY, 1967) sequence apparently stained these structures at the electron microscopic level (SPIcER et al., i978; SATO and SPIcER, 1982a) . Mucous neck cells were widely labeled with most of the lectins used in this study except DBA. These results are compatible with previous reports (STOWARD et al., 1980; MURATA et al., 1982; SUZUKI et al., 1982) . The similar labeling patterns between SBA and RCA-1 observed in this study imply a similar distribution of Nacetylgalactosamine and D-galactose, or a partial overlap of the lectin specificities (FARAGGIANA et al., 1982) .
Pyloric gland
Both DBA and SBA intensely labeled the pyloric glands from the surface epithelium to the glandular cells. WGA also showed moderate binding to the pyloric gland. However, only UEA-1 labeled the uppermost surface epithelial cells and the glandular cells at the bottom of the gland. Reactivity of the other lectins except PNA was not interpreted as being specific to this gland. PNA positivity only appeared as fine granular deposits in the supranuclear region, presumably the Golgi zone. These results show that the pyloric gland possesses large amounts of terminal N-acetylgalactosamine and that DBA binding sites are fundamental structures.
Interestingly, various lectins exhibited similar staining patterns in both the cardiac and pyloric gland. Although the characterization of the carbohydrate-binding specificity of UEA-1 is still very rudimentary, both binding sites of UEA-1 in the pyloric gland demonstrated the most maturated epithelial cells.
The present study attempted to clarify the cellular and regional differences in carbohydrate composition of the normal rat gastric mucosa. The precise physiological role of the glycoconjugates in each region requires further investigation.
